AMERICAN SOCIETY ENGINEERS. 


INSTITUTED 1852. 


TRANSACTIONS. 


Note.—This Society is not responsible, as a body, for the facts and opinions advanced in 
any of its publications. 


(Vol. XVI. —February, 1887.) 


SPECIFICATIONS FOR THE STRENGTH IRON 
BRIDGES.* 


2p, 1887. 


WITH DISCUSSION. 


One the most difficult and unsatisfactory tasks which come within 
the province the civil engineer, the preparation specifications for 
bridges. 

Bridge designing, when done scientifically, extremely compli- 
cated matter, and there are many circumstances connected therewith 
which are dependent upon experiment, experience, and even guess- 
work. 

this account there is, might expected, great variety: 
opinions concerning many points among those engineers who have made 
specialty bridge-work. This fact made evident comparing the 
general specifications several the leading specialists. Not only 
they differ essentially many important matters, but some neglect en- 
tirely considerations which others are considered essential. The diffi- 
under which all the writers have been laboring that each has 


See paper Specifications for Strength Iron Bridges, Joseph Wilson, Am, 
Soc. E., Transactions the Society, Vol. XV, No. 335, page 389, June, 
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WADDELL BRIDGE SPECIFICATIONS. 


been working almost entirely alone, notwithstanding the fact that the 
finished specifications the others are his disposal. 

Now, any one change set specifications will involve num- 
ber others before everything can brought into harmony, clear 
that, unless there good opportunities for discussion the various 
writers, wide divergence must result. submitting his specifications 
the American Society Civil Engineers for discussion, Mr. Wilson 
has done good deed for the profession, and hoped that the 
Members the Society will take advantage the opportunity thus 
freely offered. the subject general specifications for bridges 
were thoroughly discussed every particular every Member the 
Society who has made bridges his specialty, would possible pre- 
pare new set specifications which would embody all the good points 
all previous ones, and perfect the present state our 
edge will permit. this desideratum were attained, the status 
American bridge-building would improved stand out even 
more vivid contrast than does to-day with the crude and antiquated 
methods which are still employed British engineers; and the result 
would that for some time come the majority the most important 
structures required thoughout the world would manufactured the 
United States. Bridge-building this country has become such im- 
mense business that the home demand for structural iron-work becom- 
ing less than the supply, order keep their shops full, the American 
mannfacturers will soon have turn their attention competition 
foreign countries. 

Australia, India, Japan, and even China, are all good fields for this 
enterprise, and not impracticable compete England. 

The principal objection which can raised against Mr. Wilson’s 
specifications their inconvenience, necessitating the use rather 
complicated formula, which involves the determination extreme 
stresses order find the proper intensity working stress. Would 
not much better give, say diagrams, the intensities work- 
ing stresses for each kind bridge member for all practical cases? 

specifications” are usually made cover too extreme 
cases. Would not better make them cover ordinary cases only, 
leaving extraordinary cases dealt with special specifications? 

For instance, cantilevers, very long spans and braced piers cannot 
conveniently designed specifications which were prepared especially 
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for ordinary spans. the first two cases may advisable use 
material more than ordinarily high ultimate strength and elastic limit 
order reduce the dead-load; and the last case the conditions 
affecting the design are should very different from those affecting 
that the spans. Simplicity, rather than elaborate system built 
deeply scientific methods, should one’s object preparing 
specifications. example let take Mr. Wilson’s specifications for 
beam-hangers, viz.: hangers must have additional sec- 
tion twenty-five per cent. above that given the before mentioned 
limiting stresses,” which limiting stresses are determined Laun- 
hardt’s complicated formula. Would not much simpler and more 
satisfactory say that hangers shall proportioned for 
working stress 


tons per square inch,” covering thereby not 
only the effect extremes stress, but also that impact? 

another example, let take Mr. Wilson’s method proportion- 
ing top flanges girders. reads follows: ‘‘In all cases for com- 
pressed flanges beams girders (subject transverse stress), the 
permissible working stress such flanges shall computed Ran- 
formula: 

000 
Where permissible stress previously found. 
allowable working stress per square inch. 
unsupported length inches. 
case shall stress greater than that for equal twelve 
times the width used.” 

Let see what are the various steps taken determining this 
value which most engineers assume constant and equal 
four tons. First must find the ratio dead and total loads for the 
girder, and determine Launhardt’s formula, then assuming sub- 
stitute the equation, and find the value course the amount 
work involved may reduced greatly the use two diagrams, 
But all this refinement really necessary? When consider that the 
percentage allowed for impact the result mere guesswork; that the 
web assumed not helping resist bending when really does 
assist; that the effective depth the beam inexact; that the rivet- 
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WADDELL BRIDGE SPECIFICATIONS. 


holes may may not counted the effective sectional area accord- 
ing the opinion the designer; and that the strains,” 
pointed out Bender his Principles Economy the Design 
Metallic Structures,” are decidedly great, may conclude that the 
last question may answered the negative. There hardly single 
particular plate-girder designing where theory will apply—the web 
thickness cannot analytically determined; the proper spacing 
stiffening angles isa mere matter opinion; the rivet-spacing the 
flanges, when the effect concentrated loads considered, best 
arranged making uniform from end end span, and the 
the web stiffening the upper flange unknown quantity. 

not much better, then, proportion beams and girders 
few empirical rules, which are the result experience and good judg- 
ment, rather than deeply scientific method which based upon 
assumptions that are known be, not absolutely incorrect, least 
very loose approximations? 

Again, the formulas Launhardt and Weyrauch were established 
for tension only. then advisable adopt their complicated 
method determining the intensities working compressive stresses 
until proven that their deductions apply compression well 
tension? Mr. Benjamin Baker appears think that they not apply. 

Again, pin-proportioning, can any designer spare the time find 
the value multiply 1.5, and find the resisting bending move- 
ment one more pins for the intensity thus determined? The 
amount material saved using this instead the ordinary method 
employing tables calculated for constant intensities working bend- 
ing stresses, would not worth much the time that the computer 
would lose making such elaborate calculations. 

When specifying three classes engine loading for the same bridge, 
would well state for each kind member the cases which 
each loading will produce the maximum effect—this would effect great 
saving time for computers. 

the stresses trusses, one employ the latest and 
best method, given the third edition Stresses Bridge 
and Roof Trusses,” would incorrect neglect the weight the 
first pair wheels. 


Mr. Wilson, proportioning top chords, evidently figures each 
panel length hinged the ends. Although not con- 
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formity with general practice, appears correct. one figures 
them hinged, will well make them pin-connected, and 
entirely field-riveting for top chords and batter braces. 

The allowance five tons for initial tension each adjustable rod 
does not appear either scientific practically correct. Surely 
takes less initial tension properly tighten one-inch than does 
properly tighten two-inch rod. The allowance which have given 
several times books and papers, contained the folowing table: 


Diameter Rod. Tension. Diameter Rod. Tension. 
j | | 
Inches. Tons. Inches. Tons. 
1.00 2.50 
1.50 3.00 
1.75 3.25 
2.00 3.50 
2.25 3.75 


These amounts are not certified correct, being the result 
mere guesswork; but submitted that the method more rational 
than that which allows five tons for any rod, irrespective its diameter. 
Perhaps the allowance should certain amount per square inch, 
which case the quantities table not increase quite fast enough. 
experiments several experienced bridge erectors upon this 
matter would very useful. The tensions measured dynamom- 
eter might recorded assistant, without communicating their 
amounts the men who the adjusting. 

would appear that Mr. Wilson condemns the use iron track 
stringers having plate the upper flange. Perhaps this because 
places the stringers more than five feet apart, center center. 
the stringers placed directly under the rails, see reason for in- 
sisting the use top plate. Concerning the proper position for 
stringers, will have more say communication the 


Society. 

should like ask Mr. Wilson why allows the use continuous 
spans deck and not through bridges. The objections this ar- 
rangement which hold one case, hold equally well the other. 

not spice ten inches between track ties altogether too great 
permit the passage derailed car? 
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opinion wooden outer-guard rails are not nearly efficient 
inner-guard rails angle iron. 

Concerning the best arrangement ties and guard rails, would 
like call the attention the Members the Society the floor sys- 
tem proposed System Iron Railroad Bridges for Japan,” and 
invite their criticism thereon. 

Mr. Wilson, common. with many late writers bridge spe- 
cifications, does not provide for higher intensity wind pressure 
upon empty than upon loaded bridges. noticed, though, 
that specifies, proportioning iron piers, pressure fifty pounds 
per square foot the unloaded structure. fifty pounds per square 
foot will buckle the bottom chord (as will most the 
existing single-track bridges) useless proportion the piers for this 
pressure. 

conclusion, wish observe that, thus criticising Mr. Wilson’s 
specifications, not intend depreciate their value. They are, per- 
haps, good any others that have yet been writen. The fact 
that all existing specifications for bridges are far from perfect many 
respects; and, before stated, the only way make them approach 
perfection submit them thorough detailed discussion. 


DISCUSSION. 


Am. Soc. E.—I think that the objection 
which Mr. Waddell raises the inconvenience the application 
specifications more apparent than real. The work very much 
simplified the use tables, which employ large extent. 

One point reference the specification that adapted 
cover all general cases, cantilevers, long spans and braced piers well 
short spans; also work buildings where the variations live and 
dead loads are usually much greater than bridges, and higher 
grade material desired, the necessary changes the constants can 
readily made. always feasible make modifications suit 


special requirements, and seems that this the only proper 
way treat the subject. One should work from the general case the 
special, not from special the general. true that some details, 
such floor-beam hangers, might more simply treated suggested 
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Mr. Waddell; but after all, when the stress obtained formula for 
certain case, the results can easily used thereafter constant 
quantity. 

Concerning the question the labor proportioning the top flanges 
girders, the value easily obtained from tables merely di- 
viding the minimum the maximum, and this allows any relative 
variations live and dead loads from that girder having all dead 
load, certain cases buildings, that nearly all live load. 


For most cases plate-girder work, the lateral bracing being placed 
such distances apart not more than twelve times the width 


shown tables. The formula more particularly intended 
apply for cases which the value much exceeds twelve, and where 


the ordinary column formula will not apply account the flange ob- 
taining assistance from the web. 

Mr. Waddell’s method reasoning concerning the proportioning 
beams and girders were carried out, would tend very much toward 
reducing calculations ‘‘rule thumb.” The question is: 
better work the nearest approximation correct rules that one 
can obtain, work rules all? Because these principles may 
not absolutely exact, does not follow that they are not more cor- 
rect than mere guesswork. 

That they are particularly intricate application cannot admit. 
Things which appear intricate observation, very often are found 
practice very simple, especially with the use few general 
tables. argue that better work system throughout, and 
found inaccurate modify it, rather than throw all system 
away. one more willing modify than am, when satisfied that 
there something better. 

Concerning the proportioning pins, have tables that give the 
bending moments for all proportions pins, and all that necessary 
select the proper figures and multiply This surely 
does not require very large amount time. 

the various classes engines, these specifications were framed 
for particular road with certain kinds engines, being originally 

made for only two classes, until the engine came later 


type, being found very heavy for cross-girders and similar parts. 


3- 
1, 
m 


DISCUSSION BRIDGE SPECIFICATIONS. 


not advocate the use these engines for all roads, and fact modi- 
fications would advantageous for this road now; but they were 
adopted some years ago under the supposition that they were sufficient 
advance over the actual service cover some years improvement. 
Our labors with them have been very much simplified having their 
results tabulated. Iam decidedly favor generalizing the use 
assumed type engine, loading, that will cover all cases 
practice, even the risk increasing somewhat the weight and cost 
the bridges. fault preparing this paper perhaps was did 
not start out present new specification exactly what would 
best every respect for general use to-day, but gave truthfully and 
exactly what was that time standard for particular railroad. 
difficult sometimes change standard short notice, and what 
wanted was show the practice several years, the results 
which are visible bridges which now exist. Were rewrite these 
specifications, might improve them few particulars, not only from 
the consideration just criticisms paper, but from later experi- 
ence own, although satisfied with their main features thus 
far, and would not make any material changes. 

The method calculation adopted the use panel loads, and 
the omission the front wheels applies entirely that. not 
any way essential the specification, but the panel-load system 
used, the side safety and simplifies the calculations. 

The question hinged ends top chords has the specification 
saving clause, which would direct Mr. Waddell’s attention. Cases 
occur when from the weight the chord itself adjacent panels, 
something similar, the chord incapable bending opposite direc- 
tions opposite sides the point support. such cases would 
not consider hinged. 

initial tension, would like ask Mr. Waddell whether 
proposes increase the number men the lever for screwing 
when increases the size the rod. The matter more function 
the man than the size rod. The desire not make the small 
rods too small for practical use, and the rule gives allowance for 
screwing the small rods for safety. more needed the 
small rods than the large ones. know that all rods are screwed 
beyond simple tightness, and that they small they are more 
easily over-strained than large. have idea putting 
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actual initial strain per square inch over all rods proportion their 
size. 

Concerning the question girders with upper flange plate, 
would refer previous reply (see Transactions, page 487, Vol. XV). 

Mr. Waddell misunderstands limitation reference continu- 
ous girders. not question deck and through bridges. Con- 
tinuous girders are allowed drawbridges and also the upper chords 
deck bridges girder floor between panel points. The 
permission does not refer the whole truss truss. 

Ten inches between track-ties not too great permit the passage 
derailed car, can testify numerous instances; fact have 
seen cases where train has crossed over the whole length bridge 
the old-fashioned 14-inch white pine floor beams laid feet 
apart, center center, and having longitudinal stringers under the 
rails, notched on. Very decided marks were left, true, the 
wheels, but the cars got across all the same. great point hold 
the floor beams ties place and prevent them from piling up, and 
the exterior wooden notched guard-rails this, well acting 
keep the train the bridge. Inside iron guards can used special 
cases, such elevated roads, for exclusively passenger but 
brake block should fall between such guard and the rail, chance 
not any means rare, particularly where freight trains are run, may 
produce very serious results. inner iron guard rail ordinarily 
arranged will not prevent the ties from piling up, thus weakening the 
floor system and perhaps letting the train through. 

The question stability iron piers under wind dependent 
great deal the load the bridge. When the bridge unloaded the 
overturn greater and the rule the specification in- 
tended give greater stability lightly loaded pier. 

glad see discussions the paper, and desire profit any 
experience that can brought bear the subject, such experience, 
however, being always open criticism well the original question. 
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VIBRATION BRIDGES. 


PRESENTED JuNE 1885. 


The object this communication present the Members 
this Society mass facts and figures obtained connection with the 
application bridge indicator railway bridges, and 
mention some the conclusions toward which those figures point. 


The indicator was applied thirteen different bridges four differ- 
ent railways, resulting one hundred and ninety-three indicator dia- 
grams. Most the diagrams were obtained from bridges the New 
York, Pennsylvania and Ohio Railroad, though the first were obtained 
from bridge the Pan Handle Railway, and others later from several 
branches the Pennsylvania system and the Baltimore and Ohio. The 


Nore.—This paper is prepared from advance matter from the report of 1884 by the author 
the Commissioner Railroads Ohio investigation the cumulative vibration 
bridges made under sanction of Hon. H. Sabine, Commissioner, 
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ROBINSON VIBRATION BRIDGES. 


aim procuring abundance figures the vibratory movements 
bridges, was, possible, detect any extraordinary movements 
which might occur but rarely the lifetime bridge, particularly 
cumulative vibration. this the indicator itself surprised with 
discovery vibratory movements due cause startling was 
unanticipated, the cause being combination circumstances, includ- 
ing speed train, car length, panel length, time vibration loaded 
bridge, rigidity bridge flooring, Besides this cause cumula- 
tive vibration, the anticipated one due unbalanced locomotive drivers 
found confirmation. 

this work claim made discovery new laws; the other 
hand everything, far yet observed and studied, traceable pre- 
viously well known and comparatively simple laws. 


NEED INDICATOR. 


That bridge agitated train passes over speed, one 
questions; but the precise character the bridge movements during 
such agitation matter which cannot determined mere casual 
observation, because too rapid and complex. Some instrument which 
shall analyze the movements, separating them into horizontal and verti- 
cal components, and record them for subsequent examination, must 
conceded one good means for determining those movements. 
This the bridge indicator above mentioned has done, copies some dia- 
grams from which are given Plates VI, VII. 


Previous AND USE. 


Movements bridges under moving have previously been re- 
corded. The earliest instance that has come knowledge was that 
Fanning, Am. Soc. E., who, 1875, obtained diagrams 
aid station near midspan, which, and the bridge, pencil 
and card were attached that the motions the bridge were marked 
down the card, giving adiagram the actual motions the bridge. 
understand that the taking such diagrams has been the frequent 
practice this engineer. tours inspection Ohio railways, 
have found several instances the determination the 
bridges means pencil attached the bridge and rod set the 
ground bed below, upon which the pencil could mark the deflection. 
September, 1881, procured diagrams similarly, previously done 
Mr. Fanning, but without knowledge his experiments, copies 
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which diagrams were published the Ohio Railway Report for 1881 
Sabine, Commissioner Railways for Ohio, being the first pub- 
lished diagrams bridge motion that aware of. these instances 
the card was attached the station erected midspan, and the pencil 
the bridge, vice versa, being immaterial which. The diagram re- 
sulting from this device confused and knotted mass lines, fur- 
nishing comparatively little information. 

the same railway report.for 1881, the general character more 
complete and perfect bridge indicator was fully set forth, the same con- 
templating clock-work for uniformly moving strip paper before the 
two pencils, one which marks the horizontal and the other the verti- 
cal movements the bridge the paper moves along. Some two 
years subsequent this outlining the complete instrument, similar 
one was used Mr. Biadego three-span continuous girder 
bridge, notice which was given foreign paper. 

The numerous results found tables given this paper were ob- 
tained from diagrams taken between August Ist, 1884, and the end 
that year. 


INDICATOR. 


The indicator used these experiments might briefly described 
consisting heavy eight-day brass clock-movement, from which the 
escapement was removed, and its place was put-a small centrifugal 
governor, with spring counteract centrifugal force, and arranged 
that, given position the governor weights, pads were pressed 
against disk, causing friction absorb excess driving power, and 
upon shaft which clock-work was attached drum for moving the 
paper strip with two pencils, arranged move lengthwise the drum, 
all being mounted base board and portable. use the whole 
clamped position bolt passing through the base. The paper 
first wound upon separate drum held slight From 
this unwound wound again the driving drum attached 
the clock-work under the pencils. fine slit along the length the 
drums well secure the end the paper the latter was wound 
up; great length was allowed toaccumulate enlargethe drum. The 
paper was speeded about fifteen inches per minute. One pencil re- 
corded the vertical the other the horizontal. secure the 
greatest freedom pencil movement, the latter were secured the ends 
light bars about foot long, the opposite ends which were pivoted. 
The pencils thus moved ares, though for the small 
compared with the radius, the lines pencil movement were nearly 
straight and crosswise the strips paper. 

The pencils were moved cords, one going direct and the other go- 
ing over pulley change its direction right angle, order bring 
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the pencil movements upon the same paper. The cords wereat- 
tached the bars 0.64 their length from the pivot, that the 
diagrams taken correspondingly widened; hence any ordinate 
amplitude diagram must multiplied 0.64 obtain the correct 
measure bridge movement inches. 

third and stationary pencil held spring was used mark 
reference line upon the same strip paper. 


APPLICATION INDICATOR. 


Several ways using the instrument were tried, but reliable diagrams 
could only obtained placing the staging support brought 
from the bed below, that could quiet, while the cords moving 
the pencils were tied the bridge. When the indicator was attached 
the bridge the jarring the bridge was found jostle the pencils too 
much, breaking the lines into dots, and the particular governor the 
instrument used was sensitive agitation. But there evidently 
reason why the instrument may not attached the support, and the 
cords the bridge, instead the reverse. 

one case the instrument was placed the ground under the 
bridge, water not being under that span. But the best plan consisted 
setting resting the bed below, and reaching through the 
bridge flooring without touching it, and extending convenient height 
and position for receiving the indicator. instance, the double 
track Pennsylvania Railroad, there were two bridges, one for each track. 
Here the instrument was placed one bridge, and the cords attached 
the other, but the diagrams taken for trains moving over the bridge 
which the indicator was attached were imperfect. Experience with this 
indicator, mounted upon the bridge itself, would indicate quite con- 
clusively that the harsh and fine cut tremor the parts bridge 
during the passage train, too severe for the good any instru- 
ment that might brought contact with them. 

refinements registry might attempted than were carried 
out these experiments. Pencils were used the marking, but they 
are faint. Diagrams made with inking point would much prefer- 
able for reproduction printing. Also special devices were employed 
for recording speed train, might have been done electricity. 
regretted that the passage every wheel the train was not 
electrically recorded aid determining the relation car lengths 
and time vibration bridge; also the down position crank pin 
relative panel. 

The reference line pencil was used record hand and eye the 
revolution drivers, and the time for train move from one signal 
another the ends given measured base; but automatic regis- 
try much preferred, far can be, leave the operator 
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free for making any notes may desire about the train, such num- 
ber engine, kind cars and location, flat wheels, etc. Present ex- 
perience shows that the indicator should made all the record- 
ing possible. another campaign were undertaken myself, 
greater demands would made the indicator for registry with more 
less electrical attachments. 


Tue 


Accurate copies Plates and VII give good idea the dia- 
grams taken this indicator work. the three lines traced above 
mentioned, the upper one, that showing the vertical move- 
ments, and the lateral movements, the bridge during the passage 
the train, the lower line, being the line reference. 

For all the diagrams the indicator was placed the panel poi 
nearest mid-span, the cords connecting with pencils being always 
attached parts bridge near this point, and always one truss 
only. this way the record for the vertical motion, and 
for the lateral, the panel point the one truss mentioned. Now, 
when train approaches the bridge the indicator started, making the 
straight lines the left Mand But when the train strikes 
the bridge the bridge disturbed, and the pencils respond accord- 
ingly, continuing long any disturbance lasts, and that 
cannot less than the time the train the bridge. 

When the engine and train move upon the bridge, the latter 
account the load, and hence the pencil recording vertical 
movements responds this deflection well vibration, causing 
the very strong rise the whole line D....B above straight line 
from deflection the bridge being here noted rise the 
pencil. smooth line drawn through the middles the sinuosities 
shows the height any point above straight line, 
the statical defiection the bridge the corresponding time, 
and the paper moves uniformly from where the train first touches 
the bridge, where leaves it, the deflection corresponding any 
part the train can accurately located. While smooth line 
through the sinuosities answers statical deflection, 
the sinuosities themselves answer vibratory disturbances, the same 
appearing more less regular, according approach bridge toward 
the condition actual vibration. The above remarks relative the 
record the vertical movements the bridge apply equally 
for the lateral movements, except that here not look for statical 
defiection unless the bridge has curved track, that wind blowing 
while the train passing. 


The track was straight case all the diagrams shown the 
plates. 
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the left the lines are always smooth; but beyond there 
may sinuosities due residual vibration bridge. These are less 
give the time vibration, lateral and vertical, the unloaded bridge. 

The diagrams 173, 182 and 192 differ very much from the others 
appearance, owing the fact that they are for passenger trains 
while the others are for freight. the former the sinuosities are 
wide amplitude, while the part comparatively smooth. 
the other hand the freight diagrams are comparatively smooth and 
places wide amplitude sinuosity beyond 

The diagrams selected for the plates are among the more interesting 
ones, although others present like characteristics, can seen 
consulting Table No. 

The speed the paper when the diagrams were taken was from 
15.5 inches per carefully noted each setting instru- 
ment; consequently the length time any train occupied going over 
bridge can measured from the diagrams. The length 137 
from 6.5 inches, that the train was agitating the bridge 
about twenty-five seconds. The lateral movements the pencils for 
Band excess the actual movements the bridge the 
ratio 0.64. The and give simultaneous positions 
the two indicating pencils, and likewise for the points and 


the indicator was applied them. results indicator work are 
noted this table, being intended embodiment, condensed 
form, the leading particulars the bridges. 

the column stringers the term beam means solid rolled 
beam; while section” means beam built plate and 
angle bars, and perhaps cover plate, riveted together. 

Table No. intended include all results value obtained 
from the diagrams, such statical deflection ordinates; amplitude 
vibration, vertical and lateral; number vibrations per inch diagram; 
inches length diagram for each train; number revolutions 
drivers per inch diagram; and remarks. 

The number cars column was obtained from railway officials 
far possible, and checked count taken time indicating 
bridges, though some cases the number stated simply from count. 
The number column made out aid columns and for 
the cases cumulative vibrations, the supposition that the half-car 
lengths coincide with the time vibration bridge for such vibration. 
agreement corroborative the fact cumulative vibration for 
freight trains where 
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number vibrations per inch 


train diminished inches for engine. 


For instance, diagram 61, averaging the vibrations 13.5 and gives 
15.25, and the length 1.4 inches. These the above give 


Number cars 10.6 1.7 8.9 cars; 


figure which agrees with within less than this 
car reckoned feet and engine feet, making the engine 
about 1.7 cars. 

The data column are made out from field notes and statements 
railroad officials. Column made out entirely from information 
furnished the railroads. 

The speeds column were determined three ways. See foot- 
note table. 

Quantities columns 10, 12, 15,17, 18, and part 16, were 
taken directly from the diagrams measurement and count, portion 
being found from columns 15, and car length. 

The percentages column were obtained dividing half the 
amplitude vibration the statical deflection column the latter 
being the height from the line the mid-height the sinuosities 
the upper part the diagram. 

Column was calculated the aid theoretical formula pub- 
lished the Ohio Railroad Report for 1881, with constants determined 
for each bridge. 

Column from twice the number whole car lengths 
divided inches diagram per train. 

Columns and contain remarks noted from the appearance 
the diagram. Any remark applies the line bracket which 
found. determine whether the remark applies the 
engine the following part train, reference may had the 
eighth column, where any remark applying the engine will found 
abscissas less than about 0.6 inch. 

Table No. exhibits, collectively, the results from those diagrams 
which record the more marked cumulative effects due the engine 
itself, and mainly due unbalanced drivers. 

this table, columns numbered below are the same purpose 
those like number Table No. Column added show 
what influence the fioor beam distribution may have upon the vibration. 

Table No. similar Table No. except intended for 
the train itself instead the engine. column for floor beams might 
have been added, but would nearly identical with that the 
latter may practically taken for it, except case Bridge 
See Table No. where the floor beams are two feet apart less. 

Table No. intended present points interest determined 
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indicator respecting the statical deflection bridges due loco- 
motive and first portion following train; due uniform and ordi- 
train load; and also the time vibration bridges, vertical and 
lateral, loaded and unloaded. 


VIBRATION AND OSCILLATION. 


have applied the term vibration the movements bridges now 
being considered, instead the term oscillation, for the reason that 
these movements exist, and fro motion, reason the elastic 
forces the bridge itself. movements long suspension bridge 
from the action windand gravity might termed oscillation, because 
due the action forces existing outside the structure. Vibration 
usually much more rapid than oscillation. glance the diagrams 
sufficient show that many instances real vibration have been 
recorded. The duration one movement too short for oscillation. 
These remarks, however, apply with full force only such bridges 
have all parts bound together form unit for elastic reaction, 
Pratt, Howe, Post and similar trusses. Bollman truss, for in- 
stance, where each beam supported nearly independently the 
others, and tie-rods different lengths and inclination, find con- 
ditions very unfavorable for vibration. This view supported the 
few indicator records obtained from Bollman bridge. This fact may 
serve offset some the unpopular features Bollman bridges. But 
the Pratt truss, which the experiments were mostly confined, the 
upper and lower chords are joined firmly bars into whole, that 
one point depressed weight, the whole truss sprung into elas- 
ticcurve. structure may therefore regarded elastic 
body, and susceptible elastic vibration. 


VIBRATION 


Vibrations may set elastic body, delivering upon 
severe single blow; 2d, suddenly releasing from straining 
force; 3d, the successive application series comparatively 
very small impulses, provided the impulses are applied proper in- 
tervals time. The most favorable condition realized when the 
time intervals between successive impulses are equal one another, 
and also equal the periods simple vibration, the impulses being 
applied fro with the movement mass. less favorable condi- 
tion exists when the impulses are half frequent above, but applied 
all the same direction. Other, though less favorable, conditions exist; 
but the present investigation has not shown that they take effect 
bridges. Vibration from the third cause, slight first, but eventually 
reaching high intensity, may properly called cumulative vibration. 
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common hand-saw may serve illustrate. Fasten the tip end 
clamp, into kerf sawed post, that the blade will stand out 
horizontally and flatwise, with the handle the free end. now the 
handle struck, pulled down some distance and released, 
the handle will move and down repeatedly, illustrating the first and 
second cause vibration. 

illustrate the third cause, obtain cumulative effect, place 
the saw rest, tie thread tack and suspend about eight 
inches from the hand. Now, dropping the tack upon the saw near 
the handle, slight deflection may observed due the weight the 
tack; soon the defiection takes place, lift the tack from the saw. 
When the saw handle has made its return and ready descend again, 
drop the tack once more; this adds new impulse, and the vibra- 
tory movement will greater than before. continuing this the 
saw handle will soon gain intensity vibration that would hardly 
expected one who never tried it. But more rapid increase 
amplitude will follow the application impulses both directions, 
when the saw goes well down when the saw goes down, thus 
realizing the most favorable condition mentioned. 

This illustration cumulative vibration shows that the applied im- 
pulses must succeed each other intervals which are keeping with 
the vibration period, that they must time.” harmonize 
observed facts bridge vibration with this principle, the time vi- 
bration the bodies concerned should calculated, the bridge 
itself, the car its springs, the engine its springs, 


CALCULATION AND VIBRATION. 


For car, let the weight the body and load including all 
the main car-springs. Let force that will compress 
all springs under car distance and let the compression for 
force Now, the distortion perfectly elastic bodies follows Hooke’s 
law elasticity, Distortions are proportional the distorting 
forces; and bars, beams, springs, even structures within the elastic 
limits follow this law defiection, compression, extension, etc., 
closely that may taken for the true law, then may make the fol- 
lowing simple statement for car its springs, 


Applying simple expression dynamics for the action force 
mass, have 


mass 
the sign depending contrary direction and 
Integrating once, obtain 
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2— = — 2 = = 2 
the constant being determined the supposition that the be- 
force, might suddenly released, allowing the car body and load 
bound upward. When the car has risen the position rest 
giving high value —h, again, and this the op- 
posite point the amplitude vibration where movement be- 
gins, and repetition. The whole amplitude will then 
Solving for obtain, using the negative sign 


which expresses the time for the car move from compression 
ing point reckoning time, and this corresponds with the position 


where v=o. For the opposite limit amplitude vibra- 
tion, have 


(2) 


and this the time vibration. Twice this, will 


the time cccupied complete movement forward and back the 
same point again. 


ete. 


which indicates isochronous periodic motion independent the ampli- 
tude, and continued indefinitely, and case repeated harmonic 
motion.” 

example calculated time vibration freight car and load 
its springs. the Pennsylvania Railroad make 000 pounds for 
inch, while the car body and its load weigh 000 pounds 


Introducing these, and find for the time complete vibration 
such car its springs, 


0.14 seconds, and 0.28 seconds, 
which about the same some the periods bridge vibration given 
Table No. for loaded bridges. 


The time vibration locomotive its springs may similarly 
calculated. 


W=P, 


expressed inches. That is, the time simple vibration 
weight attached spring equal 0.16 times the square root the 
deflection inches that spring due that weight upon it. 

inch, 0.16 second, for car body and load which 
would settle the springs inch. 


For bridge with parallel chords, the exact calculation more diffi- 


q 
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The bridge will vibrate similarly would rod supported its 
ends, the differential equation the amplitude curve* for which one 
the fourth order. But unnecessary this refinement, be- 
cause the bridge not precisely like rod vibrating. Probably the 
amplitude curve for bridge very nearly circular, differing from 
greater convexity near the abutments where the panel diagonals are most 
strained, the chord strains being uniform. Regarding circle, 
almost exact formula will obtained. But, for convenience, first compare 
the vibration the bridge, where the amplitude curve regarded 
parabola having middle ordinate with hypothetical equivalent 
vibration the whole bridge from end end toa uniform amplitude 


9 
comparison the relation depends the well known 


relative heights parabolic section and rectangle equal area. 

show that this comparison legitimate, reference had prin- 
ciple harmonic motion, viz.: When body vibrates through ampli- 
tude from the action force varying the distance from the mid- 
dle point amplitude, then the acting force the limit amplitude 
equal the centrifugal force for the same body whirling equal time 

The truth this principle made evident from the fact that when 
stretched string vibrates, violin, the tone resulting the same 
whether the string vibrates plane, swings around, describing 
conoid revolution. either case the force operating return 
given weight elementary piece string plane vibration, when 
reaches the limit amplitude, the same the centrifugal force 
like weight similarly situated, any moment for the conoidal vibration. 
may consider the question from the standpoint centrifugal 

Thus for the case the car, the centrifugal force 


2 
(3) 


the same expression préviously found for the corresponding complete 
vibration. Here varies that for any point the amplitude 
curve, the value for element mass proportional the ordi- 
nate for that element. Hence, the total value made the 
same the comparison, have only find the height rectangle 
whose area and length equals the parabola, and use that height 
the above. Calling the middle ordinate the assumed 
parabolic curve deflection amplitude curve may adapt 
the above formula (2) for car vibration the case the bridge with 


9 
parabolic amplitude curve putting for viz.: 


(4) 


where represents the combined weight the bridge and uniform 


* The expression amplitude curve here means the curve assumed bya vibrating rod when 


supported at its ends, and freely vibrating between, particularly for the limits of amplitude. 
This curve resembles that seen by observing a vibrating violin string. 
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load, while the weight the uniform load which causes the mid- 
dle 

regard the amplitude curve the form the segment 
ellipse where quarter the minor axis, then should adopt 


place and the actual ordinate probably lies between 


these. 

example calculated time bridge vibration, take the case 
bridge Table No. where the deflection 0.4 inch, the weight 
bridge 223 575 pounds, and assume the train load about 400 
pounds per foot, then 

second, 
while the values the table for like conditions range about 0.29 
second. 

For the elliptic value 

second. 
differing inconsiderably from the result 0.24 obtained for the ordinate 
The value .68 dis probably nearer the actual one. 

For the concentrated load mid-span, and weight bridge 
neglected, the formula (2) applies without modification, because here the 
bridge simply serves the spring. 

When locomotive mid-span, followed train much lighter 
load intensity, have nearly the case concentrated load, uni- 
form load for half span, and uniform load bridge for whole span. 
Calling the weights and respectively, and applying the 
principle centrifugal force, have for the total centrifugal force: 


a, 


whence 


which adapted the case engine alone making 
here the total weight concerned causing the deflection 

example, take the seventh case bridge Table No. 
counting the tender part the train, 400 pounds Then 
150 pounds; 84000 pounds for feet; and 223 575 
pounds. But are concerned the observed value 
inch. 

these and 

second. 
while the observed value given Table No. 0.29. 

For bridge and uniform load cars, the car springs being con- 
sidered, let the weight the bridge, the weight the cars 
above the springs, the weight the trucks, etc., below the springs, 
and the compression the springs due the car load; then, applying 
the principle centrifugal force, 
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this formula the greater the value the greater that the 
time vibration bridge and load increased the presence the 
car springs. 

example, take the same employed testing formula (4), 
where 

223 575 pounds. 

148 162 800 pounds. 

inch, the mid-span bridge statical deflection due 

Then 

t=0.29 second. 
which agrees better with the observed time vibration noted 
Table No. than the result obtained from (4), and also agrees well 
with the time vibration car {ts springs, noted the exam- 
ple for formula (2). These facts are support the supposition that 
when bridge the cars also vibrate their springs. 

The close agreement with the observed times vibration these re- 
sults, the principles dynamics, believed sufficient 
show that the theory bridge vibration not myth. 

These formulas were used calculating the times vibration, and 
vibrations per inch. given the tables except that the 
work was shortened determining the constants from the observed re- 
sults; one set constants being used for the uniform load throughout, 
and another set for the engine mid- -span. 

may seem that the span and depth truss should enter the for- 
mulas well the weight bridge. Their absence accounted 
for the fact that the deflection will vary with the span and depth. 
determine the law relation the span and depth similar 
trusses proportioned for like maximum strains, elongation the 
iron will the same all cases, viz., inch per 
foot for 000-pound working strain. aid this fact, and 
outline diagram truss, easy see that varies directly the 
square the span, and inversely the depth, that varies directly 
the span diagramatically similar trusses equally strained. 


VIBRATION. 


Notwithstanding the fact that bridge, cay, etc., may vibrate, and 
that the vibration period may calculated theoretically, yet would 
not expect such vibration originate without due cause. studying 
this must distinguish between mere lurches bridge without law, 
and genuine vibration. The diagrams indicate considerable tendency 
non-systematic lateral movements, much more than vertical. 
This believed due largely the wandering the trucks from 
side side the clearance between gauge rails and wheels, and also 
crooks the rails. The latter may give cause for irregularities the 
diagrams vertical movements, also low worn joints, flat wheels, etc. 


| 
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Hence irregularities may appear the diagrams. But genuine vibra- 
tion must regular, least vibration periods, and would never 
expect absolutely instantaneous ending vibratory movement, nor 
even beginning, unless caused blow. 

Relative the operation the three causes named under Vibra- 
bration Elastic 

First.—Almost blow struck upon the bridge when locomotive 
miles per hour drops its heaviest part upon within space less 
than half Undoubtedly the effect this would modified 
bridge camber, but any case would seem that the bridge would 
depressed somewhat beyond the position equilibrium, then return, 
spring back, etc., vibrate. The diagrams give evidence such ac- 
tion some extent, notably Nos. 137 and 140, Plate VI. But this 
half-second blow would occupy only eighth inch length dia- 
gram, and vibration would occupy less than tenth inch, 
would seem that the effect this blow should fully developed within 
space quarter inch the initial point diagram. Though 
137 and 140 show it, the others given the plate not much; 
and 164 almost none none find intense vibration es- 
tablished within the first quarter inch; the other hand, 61, 
173, 189 and 192, find high intensity vibration established 
about half inch from the initial point diagram, which, from the 
above considerations, must due some other cause than the plunge 
the engine upon the bridge; particularly inasmuch 
some diagrams find the highly developed vibrations, and others 
not, witness the points 148, 160 and 167. 

Second.—Releasing the bridge from strain, either partially wholly, 
instance has been found sufficient cause vibration. 

Third.—Repeated impulses, mentioned under Vibration Elastic 
Bodies,” found most potent cause bridge vibration, amply 
witnessed the diagrams. What other cause can assigned for the 
intense vibration recorded No. 140, also and and Hand 
‘on 173, 182 and 192. large number other diagrams taken present 
like characteristics. 

Evidence that these instances vibration originate repeated im- 
pulses, found the fact that the vibration never starts abruptly into 
full intensity, but, the other hand, that usually increases nearly 
uniformly from comparative quietude wide amplitude; marked 
instance this being presented the band 140. 

Such repeated impulses are found arise connection with the en- 
gine, and unavoidably now built; and also, under certain conditions, 
connection with the train, from the following causes, 

First.—Impulses due the engine find cause the non-balance 
the drivers, there being impulse downward when the excess 
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balance downward, and upward when the excess upward. These 
are sure occur every time engine passes over bridge, but vibra- 
tion will not occur unless the times revolution drivers coincide with 
the periods double vibration, which case the effect cumulative, 
and intense vibration the result. 

points diagrams 61, 173, 182, 192 and others, are ex- 
amples cumulative vibration due the non-balance engine drivers, 
while points diagrams 148, 160, 167, etc., are free from vibration 
owing want harmony between revolution and vibration periods. 

The above considerations suppose rigid floor bridge; but when 
the floor beams are stiff and the stringers flexible, there will greater 
variation the vibration intensity produced, because when the excess 
balance strikes down mid-panel and panel points, the engine 
will fall and rise through increased amplitude with corresponding 
effect the bridge, while for contrary conditions there will the op- 
posite effect. secure the greater impulses every panel bridge, 
the panel length must agree with the drive-wheel circumferences. With 
all conditions favoring, viz.: stringers, excess balance down 
mid-panel, equality panel length and driver circumference, and 
also revolution and vibration periods, the greatest amplitude 
will developed. This coincidence conditions, though rarely oc- 
curring, likely result serious cumulative vibration. 

Second.—Impulses due the train will occur with some bridges, and 
with others not, and depend the circumstances stringers 
and coincidence panel length with half-car length. When these are 
both satisfied,the speed the train must half car for each complete 
vibration; then, each car has two trucks, and freight train the 
trucks are not far from uniformly distributed, follows when one 
floor beam under truck, each and every floor beam will under 
truck nearly so; and then, with flexible stringers, follows that 
the trucks strike the mid-panel they will drop little reason the 
yielding stringers, and when they reach the floor beams they will 
correspondingly lifted, thus either causing all the cars the train 
rise, the bridge rise and fall, both. Under these cir- 
cumstances downward impulse will imparted the bridge each 
arrival the trucks mid-panel; this indeed each and every panel 
throughout the length the bridge. ten-panel bridge will thus re- 
ceive ten simultaneous impulses each complete vibration the 
bridge, twenty impulses for each car length advance train, 
about eight hundred one thousand impulses per train with cumulative 
effect. 

But all this presents nothing new principle. The breaking 
step marching soldiers when crossing bridge for the purpose 
avoiding cumulative vibration. The famed fiddler might break the 
bridge the jerks his arm with the vibrating bridge. 
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the car and its load may find conditions favorable unfavor- 
able for vibration bridge. the load solid, like coal, pig iron, 
will offer less resistance internally vibratory influence than 
yielding, like bales hay, live stock, etc. 

Tnasmuch the car and load are found vibrate the car springs 
about the same time ordinary Pratt truss 150 feet span, there 
would harmony between them. Then the impulses, acting through 
given amplitude, such the versed sine spring stringers, would 
occasion given vibratory amplitude bridge; and for the cars 
greater one when springs than when not. Then this increased car 
amplitude would excite increased reaction upon bridge limits 
amplitude, and hence turn increased amplitude bridge. 

the bridge itself find conditions which act modify vibration; 
for instance, the chords lengthen and shorten response the 
vibratory strains, resistance this like sliding chord terminals 
pedestal blocks will hinder vibration. 

The position pedestals and form truss also have bearing 
vibration. fish-shaped truss, with both chords joined into common 
terminal blocks situated the neutral axis truss, would vibrate with- 
out disturbing those blocks. Wood stringers extending from the bridge 
out into the bank, and such height the bridge necessarily slip 
when the bridge vibrates, will hinder the vibration. 

From these considerations the three causes bridge vibration, 
appears that the first occasions but mild results, scarcely worth con- 
sidering; the second, none; while the third capable producing re- 
sults unknown severity, and which may styled cumulative vibra- 
tion bridges. 


CUMULATIVE VIBRATION 


The conditions favoring cumulative vibration railroad bridges 


Primary. 


Under suitable train speed: 

First.—Non-balance drive-wheels locomotives now 
structed. 

Second.—Yielding stringers bridge floors, with equality panel 
and half-car length. 


Vertical vibration car its 
Equality drive-wheel circumference and panel length 
bridge. 
Excess non-balance drivers down mid-panel. 
Free pedestal blocks, expansion rollers. 


or 
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Fish-shaped trusses, pedestals neutral line. 
Absence parts overreaching banks causing friction. 
Firm instead yielding load. 


THE OPERATION THE CAUSE AND 


VIBRATION, FouND THE PRESENT 


First.—As due engine heading train. 


the following table are given the results obtained from nine dia- 
grams passenger trains, the first three being illustrated Plate 
These three exhibit unusual sinuosity while other portions dia- 
gram are nearly smooth. These sinuosities were recorded the loco- 
motive was going over the bridge. 


TABLE No. 


Synchronism conditions favoring cumulative vibration for case en- 
gine with train following over bridge. 


Diagram. Per Ct. Obs. Vib. Cal. Vib. Rev. Floor Beams. 

173 22.6 13.3 13.6 13.5 15:8 
182 21.7 15.0 13.8 16.2 18.9 
192 22.1 12.8 14.0 14.0 16.3 
129 18.2 13.0 13.3 11.0 12.1 
134 16.2 13.3 13.0 11.5 12.6 
141 17.8 13.5 13.0 eees 13.2 
147 14.3 13.3 13.0 12.8 14.4 
162 14.1 12.6 13.4 14.0 osee 
171 16.4 13.5 13.0 14.0 


This table made mostly from Table No. selected with refer- 
ence the high percentages superadded due vibration, 
given column the third column the number complete vibra- 
tions per inch diagram observed; the fourth column the same 
calculated; the fifth column the number revolutions drivers 
per inch diagram; and the sixth column the number floor beams 
passed per inch diagram. 

According the first primary condition above, the fourth and fifth 
columns should agree, fact they very nearly. comparison 
the fifth and sixth columns shows that the secondary condition very 
nearly realized, that find reason expect the high percentages 
actually recorded. 


Where there want harmony the quantities represented the 
last three columns, the percentage added deflection due vibration 


a 
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will generally much less, shown the following table, the first five- 
diagrams which are illustrated the plates. 


TABLE No. 


Discord conditions for cumulative vibration for case engine with 
train following over bridge. 


Diagram. Per Ct. Obs. Vib. Cal. Vib. Rev. Floor Beams. 
137 6.4 eee 12.7 11.9 9.5 
140 15.4 12.7 12.4 9.8 
160 5.0 12.4 11.3 
9.0 11.1 9.7 
2.6 7.8 6.5 
2.2 10.6 8.4 
6.1 10.0 8.4 


The last three columns are seen much more discordant 
than the like columns the table, with corresponding 
lower percentage superadded deflection, except 140, where the 
vibration was sufficiently well defined read off, and which seen 
harmonize very well with two the last three columns. 164 gives 
percentage neither low nor high, and for this find fair agreement 
the last three columns. The last four comparisons the table show 
greatest discord, and, with the exception the last, the lowest per- 
centages. 

There are some exceptions the rule, with unaccountable causes. 
explanation may yet found for the exceptions when more elaborate 
indicators and methods shall have been put the task. The problem 
involves large amount complexity, the load the tender bemg 
variable element. 

The first the two tables, Nos. and happens represent pas- 
senger trains only, and the second, freight; but difficult see why 
the difference the train should make difference the vibration 
due the engine itself, except for the fact the higher speed 
and larger drivers passenger trains. The one exception Table No. 
the general low percentage shows that may have high percentages: 
for engine followed freight train; and the other hand diagrams 
30, 39, 65, and about dozen others not given Table No. from pas- 
senger trains show small percentages, that both high and low percent- 
ages have been observed for the engine followed both passenger and 
freight trains. Hence the dependence the vibration upon favoring 
conditions, and their independence the kind train. 

Tables Nos. show better agreement driver revolutions 
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than floor-beam frequency with the calculated time vibration; and 
Table No. find higher percentages for rigid than for yielding 
flooring; facts which favor non-balance engine-drivers disturbing 
cause rather than frequence, and rigid rather than yielding 
stringers for the case engine the head train. 

But observe that there not exact agreement drive-wheel 
circumference with panel length, and that this throws the excess 
balance out time” the-wheels repeat their along 
the bridge, thus rapidly cutting down the combined influence the 
stated conditions and But when there agreement, 
undoubtedly the fact that least that half the cases when the 
excess non-balance arrives upon the center panel the down posi- 
tion, the flexible stringers will conspire with the drivers towards per- 
centage largely excess that obtainable rigid flooring. 


Second.—Vibration due train. 


Relative cumulative vibration due the train and not the 
engine, see referring the plates that the spells vibration are 
much greater duration. The engine may pass over the bridge 
three seconds, whereas the recorded belt 2.5 inches 
long, was about ten seconds making, and portion train two and 
half times the length the bridge passed over during that time. 
140 and 164 present belts about two inches length; hence 
strong vibratory action transferable from one set cars another 
along train. From this fact the possibilities cumulative effect 
from long trains are seen very great, not only regards duration, 
but acquired intensity. 

But the observations show that the conditions loading vary greatly 
along the train, that vibratory condition may destroyed the 
passage one two cars differently loaded. 

but there are other influences less apparent which come 
act. 137 the loading appears nearly constant and almost 
precisely soto Judging from the diagram the vibration should con- 
tinue least and, the absence information, the cessation 
vibration would necessarily unaccountable. previously 
stated, numerous unexplainable facts have appeared which might 
made clear when more elaborate indicators and methods shall put 
use. The truth this cannot more forcibly impressed than here 
pointing out the real cause the lost intensity which, fortunately, 
this case know. there followed three cars feet 
length. Then came fourteen box cars feet length, followed 
stock cars feet length. The whole number cars the train 
thirty, which the fourteen box cars feet length nearly half 
(allowing, course, for Hence for the particular speed 
this train the 28-foot cars were favorable length and load, while 
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the 33-foot ones were not. Another fact worthy note here with 
regard the loading itself, the cars following being stock cars, 
while those between were not. Thus the condition rigid 
loading, finds support, while all doubtless can appreciate the antipathy 
cow’s back for elastic vibration. 

Hence the change car length and condition car load con- 
stitute two reasons why the vibration should cease Similarly the 
neck the 2-inch belt 140 might explained provided the neces- 
sary information were hand. But reliable specific notes concerning 
the trains were hard get, for the reason that the observer’s oppor- 
tunity for lasted but few seconds—for 137 about twenty-four seconds. 

The bands vibration record the plates are seen begin 
rising scale, showing that the origin the vibration not sudden 
shock, but succession impulses, already explained. Such im- 
pulses were not anticipated occurring connection with the train 
itself; and the indicator greatly surprised when brought out the 
records, the eyes field observer, Mr. Ackerman, being the 
first behold them. The record once existing fact, explanation 
was soon found the yielding elastic stringers, and equality half-car 
length and bridge panel. 

The various results this cumulative action are collected Table 
No. the greater part which were obtained from the one bridge, 11, 
for which the panel length feet inches, very nearly the half- 
length, and the stringers were wood. Bridge 10, the same road, 
has panels about the same length, but with stiff iron stringers. 

anomaly found diagram 61, the fact apparent cumula- 
tive vibration for train, when explanation can found for the 
field notes. diagrams taken from the same bridge, 
however, this the only one exhibiting such record. The bridge panels 
are feet, and the rails are laid directly the floor beams, placed 
feet less between centers. 

the seven diagrams bridge cumulative results were ob- 
served, indeed might expected from the discordant panel length 
19} feet. 

For all entries Table No. except the one diagram, 61, have 
near coincidence half-car and panel length. Hence, column might 
regarded nearly representing another like it, headed floor beams 
per inch diagram.”’ 

Now, columns 12, 13, and 14, virtually four columns, are seen 
agree almost perfectly conditions favoring cumulative vibration, 
whereas Table No. far presents the figures for other diagrams 
for the train, does not exhibit like agreement referred to. 
See 126, 132, 144, 145, 157 and 189. 

Other bridges upon which the indicator was placed, with panels 
ing much from feet, gave cumulative records for trains. 
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For conditions and the experiments whole showed 
that bridge was much more sensitive vibration than the other 
bridges This bridge had square abutments, with seats for 
the pedestal blocks free and clear, with expansion rollers one end, 
and all apparently condition favoring vibration regards and 


LATERAL 


The lateral vibration for engine and train appears much more 
accidental its character than the vertical vibration. When the engine 
strikes the bridge, the latter makes few lurches apparently without law, 
but, afterwards, while the train passing, seems settle down 
spells approximate regularity. Thus, 137, the sinuosities are 
quite regular, but fade away, until approaching fresh lurches occur 
from some cause. specific explanation can yet given for such 
freaks the indicator pencil. would seem that the cause con- 
nected with that forming the indentation though car here 
passed the bridge with loading one-sided. But this only conjectural. 
See also first page under Causes Bridge Vibration.” 

The times lateral vibration, and number per inch, given the 
tables, have been made out from such portions are most sys- 
tematic. These seem run approximately about twice the period, 
half many per inch for the vertical vibration. But this, the 
bridges examined, evidently accidental, the period vibration 
depends largely the stiffness the trussing, being less where the 
lateral truss-rods begin end bridge with 2-inch bars instead 
1.25 inch. These rods for bridge were inches diameter the 
abutment panels. 

The amplitude the lateral vibrations given the diagrams 
found Table No. soon the deflection and strain due the 
wind pressure known, the superadded strain due the lateral vibra- 
tion can approximately calculated. But the diagrams give nothing 
from which make out percentage between vibration and wind strain. 


FREQUENCY AND Dynamic OBSERVED CUMULATIVE 
VIBRATION. 


the 193 train transits indicated, the Table No. give average 
percentage 18.4 for the engine heading train, which about one 
eight. 

For the train itself, Table gives average maximum percentage 
26.4 for the eleven transits noted, which For both 
about one five. That is, according observation, cumulative vi- 
bration occurs often once every fifth time train goes over 
-certain bridges. 
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s, O. ,|28" deep and! | 
1 Aug. ee [Little Mi-|....cc0- Over the Sci- Pratt 136 0 9) 15 1k About 24 Prmer.4 | flanges 101” Abt 24 14 
ami. Truss. g g 
oto across. 
2 jAug. 19|N. ¥. P. & | miles N. E./2 Spans 4 9 
Mad River. Truss. deep, with 
ton, O. | | 
Exten. Bridge. kill River. Double lower chord) der rails; Abt 24” 
12” 
Chr. Diy. Pa. center Rails 
Mayl’d Creek £ZE center; they] directly! 
beams. 
directly 
lower chord 
w 
Iron Isec., 22’ On level 
7 |Oct. 18./Phil.Wim (600 or 800 ft. W Through ; 
Creek. Track. 
7 spans | 
Ferry tomac Bollman boxed. the flanges 
10 |Nov. 24 Big Scioto. 
Dec Between Clai- 
Broadw’y, O. | 
Over 
Creek. } } 
Uver Mahon-) | deep. beams. 
ing River. 
e e eep;| wi 
Div. floor beams. 


Total number bridges, 13. 


Total number of d 


Remarks. 


Bridges con- 
tinuous 
over mid- 
dle pier. 
Lower 
chords of 
panel next 
to mid-pier 
are com- 
pression 
members. 


Has b’n-con- 
demned for 
two years. 


Guard rails 
are 8 by 8 
inches. 


Very strong 
and stiff 
bridge. 


For rail and 
wagon road, 
and has 3 
trusses. 
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15 | | gins at end of 3 33’ cars. 


18 33’ stock cars. 


NGINE, Se NUMBER OF VIBRA-| 9 om ATERAL MOVE- 
| $s as = 3 | TIONS PER INCH MENTS. REMARKS ON MOVEMENTS OF BRIDGE. 
| | 
Inches. Inches. Inches. | Inches. | Percent) } 
18 2 4 B. Pass ..... 5 Eng... 66 0.32 0.70 0.40 28.6 | 4.5 0.25 |Cumulative. 
21.6 0.60 1.05 0.22 0.7 8.7 7.2 0.30 |Cumulative. 
onan 80 | 0.63 0.10 7.8 11.8 11.2 eee sone a, ee 0.15 Sin. broken into on “ 
0.90 0.15 8.3 9.5 9.8 0.25 both sides. 
23.2 1.17 0.07 3.1 2.8 0.25 
0.70 0.21 15.0 10.0 10.9 8.8 |Sinuosities regular. 
34.5 0.89 0.29 16.2 13.3 13.0 1.2 11.5 0.45 |Cumulative Sin. nearly reg. 
0.5 0.13 3.0 ose 5.5 0.20) |Highly cumulative, be- 
9.2 
0.7 
0.7 
Small 
1. 


2. 
5. 
0. 
2. 
0. 
0. 
4. 
0. 
1.12 
2.30 
2.90 
3.35 
3.88 
6.77 ee ee ee 
4.90 67 0.02 1.8 econ | cece ane 4.5 
26.6 0.52 97 0.30 15.4 12.3 12.7 | 5.9 12.4 | 0.96 
eee 1.62 0.71 0.26 18.4 11.0 10.8 10.9 eee 0.12 |Cumulative. | 
2.55 0.62 0.27 22.0 11.0 11.3 10.9 0.22 |Cumulative. 
3.65 0.53 0.05 4.6 | | 0.10 
4.78 0.66 0.07 5.7 ee | | 0.25 
5.68 0.75 0.46 30.8 | 10.7 10.6 10.9 | ad 
4 0.72 0.87 0.31 17.8 13.5 13.0 1.2 0.30 “ 
0.45 0.20 0.25 (Sin. irregularly broken. 
1.80 0.07 0.12 ee 
4.80 0.15 0.18 
0.30 0.25 0.30 “ “ “ 
0.50 0.02 “ 
0.87 
1.75 0.25 
2. 0. 


3: 


141 1l 16 |E. B. Pass....., 


0.60 1.02 0.10 4.9 stock, 6.8 .... |Sin. regularly broken. 
4.90 0.67 0.02 1.8 4.5 0.20 
W..B. Pass..... Pass. Eng. 0.75 10.8 12.3 13.5 1.2 0.15 broken. 
.84 0.00 mall. coe | 22.0 22.0 cece ones 
ee 0.38 0.80 | 0.22 14.1 | Abt. 12.6) 13.4 2.7 14.0 | .. | 0.40 |Cumulative. Irregular. 
| 34. Condn. 50° ....... 48 23.9 0.57 0.95 | 0.17 9.2 «see 12.7 11.1 eee 0.16 |Sinuosities broken. 
7 |} 0.35 | 20. 0 10.1 9.7 | | 0.10 ucreasing. 
0.87 0.25 14.3 12.0 13.0 1.3 11.0 5.0 0.38 |Cumulative. Regular. 


* Speed for Nos. 18 to 39 inclusive, obtained by signals and measured base. 
Speed for Nos. 129 to 172 inclusive, obtained from columns 3 and 15. 
Speed for Nos. 173 and following, obtained from diqmeter and revolution of engine drivers. 


+ To agree with revolution of engine drivers, half-car lengths, panel lengths, etc., the vibrations are here given as “‘complete” or “double” vibrations, one of which includes two “simple” vibrations, or includes a for- 
ward and backward movement. 


t Values given in this table were measured from the diagram. Multiply by 0.64 to obtain the actual movement of bridge in inches. 
Nore.—In column 2, for “ W. B.,” read “ west bound,” and for “ E. B.,” read “east bound.” For “L. Ft.,” read “ local freight.”’ 
In column 5. for ‘‘ Std. H. P.,’’ read “ standard heavy passenger engine,” and for “‘ Condn,”’ read “‘ consolidation engine.” 


The percentages column were obtained half the amplitude vibration the statical deflection, thus giving the percentage superadded deflection, giving strain bridge, superadded vibration, 
percentage statical strain due live load. 
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| Inches Inches. Inches.! Per cent. 
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* Values given in table were measured from diagram. Multiply by 0.64 to obtain the actual movement of bridge in inches, 
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3 a aa ws 3 | 85 235 | | be | 
a 2 | | 3 | = 
Freight. | Ft. In. | In. In. In. | Per Ct. | 
esses and 1 and 1 ieee 1.00 | 0.54 | 0.30 | 29.8 12}0r13, | .... | 12.5 es immediately following the en- 
sees 1.20 | 0.74 | 0.06 pe | do. 
| wee . oun 2.90 | 0.65 | 0.25 19.2 11.0 11.2 |for box.| .. begin, and break up at 2 33’ 
. | | for stk. do. 
we | 2.45 | 0.00 |Small,| .... case 22.0 
vem 6.50 | 0.72 | 0.05 3.4 10.7 .. |Cumulative. Load and vibration 
eee ase oe OST secs sees 11.0 9.9 do. 


Values given table were measured from diagram. Multiply 0.64 obtain the actual movement bridge inches. 
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| 
ENGINE CENTER ABOUT TEN FEET PAST MID- | BRIDGE 
SPAN, FOLLOWED BY TRAIN. 


= || sa2 = 
Ft. Ft. In. Pounds, Ft. Sec. Inches, 
2 


140 6 | 24 0 | 227500 | 72 150 | 43 500 | 48 0/| 0.38 0.26 || 0.23 


0.40 
0.89 0.50 0.53 
| 
0.55 0.44 
0.47 0.22 0.19 
0.48 0.23 0.38 
0.51 
0.46 
0.47 
0.48 
0.50 
0.54 


Note.—The bridge movements are given 
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No. 


UNIFORMLY LOADED BRIDGE 
ORDINARY TRAIN. UNLOADED. 
28 liso 8 train. 
FORE S SslPoss Pot | 
Sec. Sec. Sec. Sec. Sec. 
| 0.23 Se 0.87 | Abt.0.18) 0.55 Cumulative vibration 


| | | 
0.91 0.18 0.63 Cumulative only for 
0.36 0.30 | 2. 0.69 0.16 0.69 |'engines of passenger 


0.42 0.87 .... 0.73 0.20 Observed freight 
| are slow here. 
| 0.53 0.40 | for train. 
os | .. Es 5¢  |\ing one-tenth of an inch. 
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tion, but considerable 
vibration. 

0.25 ones One in the seven ob- 

0.25 servations shows slight 

0.44 cumulative vibration for 

0.48 ones ecco eooe | Engine. 

0.16 0.22 0.58 

0.18 0.25 0.60 

0.19 0.13 0. ease Vibrations cumulative 

0.25 ese | for engine, though only 

0.27 0.29 0.28 ees. | Slightly so for freight 
, 0.38 0.28 0.31 eeee | trains. 
0.44 0.33 0.33 

0.51 

0.16 0.22 0.26 0.63 

0.24 0.33 0.29 0.63 

0.24 0.31 0.58 
0.26 0.30 0.58 

0.33 0.35 0.32 

0.38 0.29 0.34 coos 

0.40 0.36 0.35 coe Remarkable cumulat- 

0.41 0.36 0.35 «s+. | ive vibration for freight 

0.43 eoce 0.35 ees. | trains, and none for pas- 

0.43 0.31 0.36 | Senger trains. 

0.43 0.33 0.36 cece Also cumulative for 
esse | Passenger engines, and 
| 0.44 cece 0.36 eee. |/rarely so for freight en- 

0.46 0.36 

0.47 0.37 

0.48 0.37 

0.50 0.37 

0.54 0.39 


in this Table in actual values in inches. 


The maximum observed percentage superadded deflection occa- 
sioned vibration given 28.6 for the engine heading train, and 
for the train. This may regarded expressing the superadded 
strain percentage the statical strain due live load, and properly 
termed cumulative dynamic effect. providing for. these strains 
designing bridges, the greater should taken, unless found that 
the train load, plus per cent., less than the engine load, plus per 
cent. 

Assuming that the vibration likely occur with equal percent- 
ages trains all loads, then the train load ever equals the engine 
load the per cent. taken. Referring the diagrams, 
makes the train load over per cent. greater than the engine load, and 
the engine load; from which appears that the higher the two 
percentages must adopted. 

But, relative the specific percentage, evident that the highest 
ever likely occur the lifetime bridge should provided for 
that bridge, and not likely that watching bridge week 
month under indicator the highest possible percentage will caught, 
because has already been shown unknown limit, unless 
that which would jump the bridge from its seat, and this, for span 
150 feet, would about 150 per cent., only about three times 
great the highest already observed. 

But, allow the per cent. for cumulative dynamic effect, then 
the factor safety might correspondingly changed, the percentage 
which should determined with due regard the dead load well 
load. This done, the working strength iron might raised 
from 000 pounds per square inch about 000 pounds; or, allowing 
for 100 per cent., about 000 pounds per square inch for spans 150 
feet, since for such spans the strains due the dead load, the live load, 
and the superadded percentage are about for the per 
cent., and for the 100 per cent. 

Taking pounds per square inch admissible working 
strength, where all strains are accounted for, then, designing our 
bridges destroy the cumulative effect, reduction 
weight bridge can realized nearly the ratio 10, and all 
standing more rational basis. 

For passenger trains cumulative dynamic effect has been observed 
for the train itself, fact probably due the discordant relation 
panel and car, and the variation, feet, passenger-car 
lengths. The most favorable panel length for vibration that likely 
found existing bridges would seem about feet, third 
the average car length, for which the favorable speed would about 
miles per hour. But only two the bridges indicated had panels 

near this length, and only three diagrams were obtained which 
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ROBINSON VIBRATION BRIDGES. 


cumulative result might have appeared. none were obtained, 
supposed that the conditions were not favorable. 


First.—For the locomotive necessary that the machinery 
counterbalanced occasion vertical components non-balance. 
This can readily done, even engines are now built; but not 
all likely that will be, because the resulting excessive jerks then 
appearing longitudinal components. This due the utter impos- 
sibility perfectly counterbalancing the pistons ordinary locomo- 
tives counterweights the wheels. the Shaw locomotive 
have example one free from the evil non-balance. 

the bridge stringers could perfectly rigid there would 
nothing fear from the train; but this impossible, let them 
made very deep; not less than the depth floor beams, and then 
make the panel length that multiple will equal the length 
any car, freight passenger. 

expansion rollers pedestal blocks discontinued, and 
some provision made for sliding, upon ‘‘end wood” saturated 
with tallow, the working the chords will probably less 
than use perfectly free expansion rollers, and the greater the fric- 
tion the less the chord strains, because, for either rising falling 
temperature, when maximum train passes the bridge the lower chord 
will elongated about third inch per 100 feet, with free 
pedestals; and considerably less with severe friction, with correspond- 
ing strains. The endurance abutments and piers rart the 
present problem. When the vibration great enough slip the 
pedestals back and forth against friction, the frictional resistance will 
largely counteract vibration. Thus for span 140 feet, maximum 
live and dead load 500 000 pounds, coefficient friction 0.2, and vibra- 
tion per cent., the slip pedestal about quarter inch for 
each vibration, and the foot pounds resistance each double vibra- 
tion about and will neutralize equal applied impulse. 
vibration about per cent. the slipping begins. Hence substitut- 
ing sliding for rolling serves twofold purpose: first, reduce direct 
chord strains; and second, diminish vibration and the superadded 
strains. 


has been customary allow diminishing percentage for impact, 
being from per cent. for short spans, and vanishing spans 
about 100 150 feet. But the cumulative dynamic effect will vary 
the opposite way with the span, and per cent. more 150 feet 
spans, where impact neglected, from which would appear 
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ROBINSON VIBRATION BRIDGES. 


constant allowance per cent. least should made for all spans, 
unless the trusses are designed avoid vibration. 


See remarks Bridge Vibration and this point. 


The Bollman, far observed, remains remarkably quiet under 
moving trains, while all Pratt trusses observed vibrated, though some 
but slightly. probable that all trusses with upper and lower 
chord will vibrate, while others, like the Bollman, Fink, etc., will not. 


GENERAL 


avoid cumulative vibration railroad bridges, essential: 


First.—That the vertical component non-balance drivers 
zero. 


Second.—That the excess non-balance drivers not down 
mid-panel. 
Third.—That the panel length and driver circumferences differ. 


Fourth.—That the vibration the engine its springs, and the 
bridge discordant. 


the revolutions drivers and complete vibrations per 


second unequal. 


Sixth.—That the bridge panel and half-car lengths unlike. 

Seventh.—That the number panels and vibrations per second dis- 
agree for passing train. 

the stringers rigid. 

Ninth.—That sliding substituted for expansion rollers. 

Tenth.—That pedestals not neutral axis bridge; that the 
stringers may laid out into banks for friction; that the car springs 
should proportioned that the times car and bridge vibration 
differ, and that the car loading not uniform. 

Eleventh.—That the possible vibrations the engine are limited 
length bridge, and those the train length train, the 
bridge jumps out its seats. 


{Acknowledgments are due to Mr. C. F. Marvin, mechanical engineer, for assistance in 
the construction efficient indicator, and for the first application bridges. Also 
Mr. Wilgus, for continued use instrument, and bridges the East. And 
also to Mr. E. O. Ackerman, civil engineer, for the remarkable diagrams obtained under his 
hand, and his valuable assistance working out final 


* For a more extended discussion of some of these conclusions, and the bearings of 
the same upon the adoption of unit working stresses for railway bridges, see Transactions 
of this Society, Vol. XV, June, 1886, page 432. 
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THE WATER SUPPLY, DRAINAGE AND 
AGE THE LAWRENCEVILLE SCHOOL. 


Reap 1886.* 


The Lawrenceville School, the John Green foundation, situ- 
ated Lawrenceville, New Jersey, about midway between Princeton 
and Trenton, high school for boys. 

school was established this point 1809 the Rev. Dr. Brown, 
which soon attained considerable reputation, which was not diminished 
after its transfer 1845 the Rev. Hamill, who conducted 
until 1882, when the property was purchased the Trustees the 
large fund devised for educational purposes the Hon. Green, 
Trenton. 

considerable portion this fund has been devoted the enlarge- 
ment the facilities afforded the College New Jersey, and the 
purchase the Lawrenceville Institution was intended mainly fur- 


nish thoroughly equipped preparatory school for the course Prince- 
ton. 


* Revised to February, 1887. 
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ODELL LAWRENCEVILLE SCHOOL. 


The ground occupied the school nearly parallelogram, with 
frontage 000 feet the old post road from Trenton Princeton, 
and sloping southeastwardly for about 100 feet small brook, which 
flows through the property few feet from its boundary, and about 
forty feet lower than the north corner the tract. 

The surface the time its purchase was its natural state, 
slightly undulating, chiefly occupied farming land, entirely without 
artificial drainage. The school buildings were huddled together near 
the road about the center the frontage, and consisted variety 
stone and frame buildings, added from time time within the sixty 
years the life the school, occasion demanded, with more regard 
economy construction and convenience access than archi- 
tectural effect. The water supply was drawn from wells the prem- 
ises, and the privies were the ordinary rural type. 

The trustees decided bring the institution more into conformity 
with modern ideas, and secured the services Mr. Frederick Law Olm- 
sted lay out the grounds; Messrs. Peabody and Stearns design 
the buildings; and Mr. Croes, Am. E., design 
the plans for the water supply and sewerage the establishment and 
construct the works for that purpose and also the roads. The writer 
was charge this construction. 

The design Mr. Olmsted comprises elliptical lawn, about 600 
400 feet, with the main school building the southern extremity 
its longer axis, and with six masters’ houses surrounding the ellipse, all 
facing the south and also looking the lawn and towards the school 
building, which, being memorial building the founder, the most 
prominent feature the design, and handsome and striking 
example the Elizabethan Gothic style architecture brown sand- 
stone. The houses are pressed brick, and they are each occu- 
pied the family master and number students. The 
house the head master stands apart and nearer the road and the 
entrance the grounds. Plate XIV shows the general plan. 

Two these houses are not built present. The other six 
have been erected, and are now occupied. 

There have also been erected the grounds gymnasium, bath 
house, boiler-house and laundry, and one the old school buildings 
retained dormitory and for business offices. 


The arrangement, dimensions and character occupancy the 
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buildings being determined the landscape architect and the archi- 
tects, the engineer was required provide for the furnishing water 
supply and the removal household wastes and the rain water, all 
which was desirable should accomplished within the limits the 
property owned the school. 

The water the brook which traverses the property not suitable 
for domestic use. The course the stream through cultivated lands, 
generally highly manured the spring, and the flow very small 
the summer and exceedingly irregular any time. quick” 
watershed, and after even moderate rainfalls the water very turbid. 
surface supply under these circumstances was not practicable, for 
want storage room and settling facilities, examinations were made 
looking towards supply from the ground water. 

aswale near the south corner the property there were indica- 
tions supply from springs. Borings were made that vicinity, 
and while they showed the presence considerable water, analyses 
gave evidence pollution from sewage, for which good reason 
seemed exist. This was very marked the case the boring which 
yielded the most copious supply. 

This boring was slight depression towards the southeasterly por- 
tion the grounds, and was found examination that near the 
beginning this swale, and more than five hundred feet from the well, 
was the outlet old drain conveying the waste water from the 
kitchen and laundry the old dormitory building; this explained the 
mystery the contamination the water this well. 

Further experiment with this well established the fact that when 
large draughts were made upon it, the impurities greatly lessened, and 
finally, after three days continuous pumping, sample water was 
taken that gave very good analysis. 

was thought proven that well this point would yield 
supply good potable water when the evident source 
contamination should removed, that location was selected for well 
for permanent water supply. thorough system subsoil drainage 
was put in, diverting into the breok all water from the surface and the 
upper strata the soil, and eighteen months later samples water 
taken from the same boring gave excellent analysis, and has ever 
since continued very good quality. 
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WELL. 

feet diameter and feet deep was sunk, the normal level 
the water being feet below the top. See Plate VIII. 

The material encountered the excavation was clay for feet below 
the surface, and then loose brown which came out without 
blasting, and lay loosely next the excavation that became necessary 
line the well with brick throughout; this was done, leaving weep holes 
frequent intervals through the lower portion the 8-inch brick lining, 
which was brought dome the top and keyed the cast-iron 
frame man-hole cover feet diameter, the cover being perforated. 

The water drawn from the well Worthington steam pump 
the boiler-house, 800 feet distant, through 8-inch cast-iron suction 
pipe; the vertical pipe the well being provided with foot valve and 
airchamber. The suction pipe laid level, and when the well full the 
water flows the pump gravity. 

The pumping-main cast-iron pipe inches diameter for 700 
feet the campus, where branches, one line, 6-inch pipe, following 
the line the easterly buildings for 800 feet; the other branch, 4-inch 
pipe, following the line the westerly buildings and the north front 
the property for 300 feet connection with the 6-inch line, where 
6-inch branch, 200 feet long, leads the water tower. There thus 
complete circulation, whether the supply taken from the tower 
directly from the pump. valve near the pump and nine 
stop-cocks the mains, with six fire hydrants placed that with 400 
feet hose two streams water can thrown any building. 

The 6-inch pipes are 0.455 inch thick and weigh pounds the foot, 
and the 4-inch pipes are 0.393 thick and weigh pounds the foot. 

was part the architects’ design for the buildings that library 
should erected with fine tower, and the engineer was desirous 
utilizing this tower placing tank for water supply when the 
pump was not operation. The Trustees, however, did not feel dis- 
posed build library present, nor would they consent putting 
tank the memorial building, nor were they willing the ex- 
pense ornamental structure for the water supply. The water 
tower erected, under instructions from them make inexpensive 
possible, plain cylindrical shaft plate iron feet diameter 
and feet high. 

The plates are lapped the joints, and riveted and caulked. 
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The vertieal joints are lapped inches and double riveted for feet 
above the bottom, and other joints are lapped inches and single riveted. 

The plates are and thickness, and the bottom 
inch plate. 

The tower stands foundation rubble masonry laid cement- 
mortar, which feet diameter and feet deep. 

Four lugs riveted the tower are connected with wrought-iron bolts 
passing down through the masonry. 

This tower acknowledged be, architecturally, serious blemish 
otherwise harmonious and elegant design, but for this neither the 
architects nor the engineer are responsible. 

The capacity the well furnish full supply all times was not 
considered the designer the works demonstrated with sufficient 
certainty warrant the rejection any auxiliary supply which might 
found available. Moreover, the water from the sandstone, while not 
hard enough absolutely objectionable for steam-boilers and for the 
laundry, was not very soft water. was considered desirable therefore 
utilize the rain-water which should fall the 000 square feet 
slate-roof surface the buildings the plateau. The collection this 
water covered reservoir the hill would, was thought, serve 
three good purposes. 

First, would furnish stored supply good water for use case 
fire, deficiency temporary unfitness the well-water. Secondly, 
would furnish the laundry and boiler-house, the lower ground, 
gravity supply soft water; and would afford relieving 
réservoir the drain pipes which should laid carry the brook 
the rain water from the campus, which has area about 550 000 square 
feet. 

The roof area being per cent. the total, while the area the 
finished road surfaces only about per cent., the rest being lawn, 
was thought that heavy rainfall the subtraction from the drains 
large proportion the water which would reach them most quickly 
and certainly, without any loss from absorption, would warrant re- 
duction the size the outfall drain, which had carried about 
700 feet the brook. 

The rain-water from the roofs was therefore led independent 
line pipes reservoir built underground point near that build- 
ing the group which was nearest the 
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The leaders from the roof are carried down the depth feet 
underground, and the carriers the reservoir are and 10-inch 
vitrified salt-glazed stoneware pipe, laid true line and grade, and the 
joints made with Portland cement. 

The reservoir, plans which are shown Plate IX, built 
pit excavated for the purpose. rectangular shape, and the bot- 
tom feet below the surface the ground. The interior dimensions 
the reservoir are 36} feet. The side walls are inches thick, 
rubble stone masonry laid cement, and well backed against the 
sides the excavation, which was hard clay and soft rock. 

Inside the stone masonry 4-inch lining brick with 
coating cement-mortar between the brick lining and the stone wall, the 
whole being covered with brick arches two spans feet inches 
each. The bottom concrete with surface coating Portland 
cement. The interior surface the brick lining was washed with pre- 
paration Castile soap and alum solution render more imper- 
vious water. 

This preparation the same which proved efficient the walls the 
Croton Reservoir Gate-house 1862, and fully described the paper 
Mr. Dearborn, Transactions American Society Civil Engi- 
neers, Vol. 203. 

There were used pounds alum and pounds Castile soap. Two 
coats the preparation were applied. The surface coated was 2700 
square feet. The work took days labor mason and his helpers, 
and cost $65, about cents per square foot. 

The capacity this reservoir 162 000 gallons, equivalent nearly 
inches rainfall the roofs which now feed it. provided with 
overflow pipe the pipes which carry the drainage the roads and 
lawns. 

the reservoir built filter well, which consists 
4-inch brick wall feet diameter, and inside this placed 4-inch 
cast-iron suction pipe provided with foot valve and air 
valve, and leading the boiler-house 720 feet distant. The water from 
this reservoir was intended tobe used the laundry and for feeding the 
boilers, but can also pumped directly into the mains and used any 
emergency, such large fire, should other sources become exhausted. 

When drawing from the filter well the rate gallons 
hour, the difference level between the water the reservoir the 
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filter well feet. The advantage having this reserve water was 
demonstrated January 20, 1887, when fire occurred the dwelling 
Dr. Hamill land adjoining the school grounds, and fire stream 
was kept from the nearest hydrant the burning building for eight 
hours. hole was broken the filter well, and the water both the 
well and reservoir used. Since then 8-inch stop valve has been put 
the filter well, enable free supply drawn from the reservoir 
such emergency. 


DRAINAGE. 


That portion the grounds which the buildings are located 
generally dry and needed little subsoil drainage, but was deemed ad- 
visable lay subsoil drains near the buildings, and three cases 
entirely around the foundation walls below the level the cellar floors, 
insure their being dry all times. Subsoil drains were also 
laid along the drives and walks, and the entire play-ground was under- 
drained parallel lines subsoil drains laid feet apart. 

These subsoil drains are round agricultural tile, from one and one- 
quarter two inches diameter, and are laid uniform grades about 
three feet below the surface, and have their outlet the nearest road 
basin. 

provide for the surface drainage the grounds, com- 
plete system drains was laid, following the general direction the 
drives, with catch basins opening from the gutters intervals about 
three hundred feet. These drains are salt-glazed stoneware pipe 
from inches diameter, with joints Portland cement-mortar. 
They are laid about three feet six inches below the surface, true lines 
and grades, and have their outlet the brook the lower portion 
the grounds. 

the time the outfall system was designed was thought that the 
large extent lawn surface very flat slopes, and the deduction 
roof area from the water-shed, would materially diminish the discharge 
from the rainfall, that capacity carrying off 100 cubic feet per minute, 


about inch and half water the road surfaces per hour, 


would sufficient. 

The experience the first six months 1886 showed that this was 
not sufficient, the road drains were overtaxed three times during that 
period, causing pools water formed for over hour some 
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depressions grade, and also causing the water flow out through 
man-hole the lower level near the engine-house, and flood the boiler- 
room floor. 

This was undoubtedly partly caused two departures from the 
plans for constructing and operating the works. 

First.—The side drainage the road front the property was 
not completed according the plans, and large quantity water 
flowed across the road and the school grounds from extended 
slope the opposite side the road. 

Secondly.—The supply from the well having been plentiful, the 
steam engineer charge the boiler-house found easier draw all 
the water from that source than open and shut the cocks which change 
the pump suction from the well the rain-water reservoir, that the 
latter was never used and all the roof water was discharged into the 
road drains their connection with the outfall pipe. 

even due allowance made for these irregularities, not 
unlikely that the case heavy rainfall, when the ground the cam- 
pus frozen, the capacity the outfall would have been found 
too direct connection has therefore been made between the 
junction drains the reservoir overflow-pipe and the pond, 
12-inch pipe, making the total capacity discharge 450 cubic feet 
minute. The highway drains opposite the school property have also 
been attended to, and the road water thus diverted from the grounds. 
far (March, 1887) this has proved satisfactory the heaviest rainfalls 
which have occurred since the pipe was laid, the rain-water reservoir 
having been used for the purpose for which was intended, and the 
roof water consequently retained it. 


SEWERAGE, 


The necessity disposing the sewage within limited area 
the grounds made imperative that its volume limited toa minimum, 
and therefore all surface subsoil drainage was excluded from the 
sewers, and disposed previously related; then, insure positive 
immunity from leaky joints, was decided use six-inch cast-iron pipe, 
with leaded joints, for the sewers. 

The pipes were 0.395-inch thick, and weighed pounds the 
foot. They were coated with coal-tar varnish, were all the cast-iron 
pipe used the grounds. Details castings are shown Plate 
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There are two branch lines sewers, with flushing man-hole the 
head each. The lines the sewers are selected serve every build- 
ing with short house connections possible, and all deflections are 
made special curved pipe. placed every change 
line grade, and access had the sewer through tee the bottom 
the man-hole, and also the junction house connections with the 
main line where the branch has cast connection with vertical 
tee, from which pipe carried the surface the ground. 

Any man-hole may used for purposes. The flushing and 
cleaning done very effectually using pill,” spherical hard- 
wood ball, diameter. This has proved more effective than 
one smaller size. 

The two branch sewers unite near the rain-water reservoir, and con- 
tinue the boiler-house and laundry, near which placed the sewage 
tank, which the solid matter the sewage allowed time deposit 
itself the bottom, and the partialiy clarified liquid retained until 
desirable discharge into the sub-surface tiles. 


System. 


The sewage tank built brick-work underground, and 
sections. The first retaining section duplicate, and contains six 
compartments, three each set. Each compartment sixty feet long, 
about three feet wide and four feet deep. See Plate XI. 

The sewage flows into one end the first compartment, passes along 
its whole length, and the other end passes into the second compart- 
ment through quarter-bend pipe, with the mouth turned down below 
the level the outlet, prevent the surface the liquid from 
passing over into the second compartment, through which the liquid 
passes its further end, and like manner into the third, the 
further end which passes over the receiving chamber, 
which circular form, twenty-five feet diameter and eight feet 
deep. From this pumped pulsometer pump often neces- 
sary. This chamber ventilated pipe leading into the flue the 
boiler-house chimney. intended that whenever solids collect 
such quantities that the settling compartments require cleaning, the 
sewage shall turned the duplicate set, and the sludge removed from 
the first. 


found that nearly all the solids are deposited very near the en- 
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trance the first compartment, and cause the deposit dis- 
tributed more evenly over the bottom, the water the first compartment 
has been siphoned into the receiving chamber two three times within 
the past six months. The rapid subsidence the water, and the flow 
incoming sewage during this operation, distribute the solids over the 
enable the compartment used longer without cleaning 
out than would the case this distribution were not 

The pulsometer has been arranged that attaching suction 
hose, the water the settling tanks can pumped out and carried 300 
feet through hose farm land ploughed receive it. January, 
1887, the tanks were thus emptied, and the sludge then removed 
farmer whom had been sold. There were about cubic feet 
sludge removed from the first section each the settling tanks. 

The irrigation ground comprises about one and three quarters acres, 
the lower part the school grounds, between the boiler-house and 
the brook. still further limited location the dam and pond 
the westerly side, and adjoining owner the easterly side. 
the lowest portion the school property, naturally wet, and that 
portion near the brook (before drainage) was swampy. selection 
was matter necessity, being all the land available for this pur- 
pose. 

The natural surface the ground was quite uniform slope from 
the higher portion the brook, that very little surface grading 
was necessary, but its thorough drainage became the greatest 
importance. 

accomplish this, parallel lines 2-inch round agricultural tile 
were laid, feet apart, discharging into the brook. 

These drains were laid feet below the surface wherever the eleva- 
tion the brook permitted this depth; but, reason the elevation 
the brook, the lower part the drains were not deeper than from 
feet, and probably the average depth not greater than feet. 

These drains were effective drying the ground and preparing 
receive the sewage. 

The distributing sub-surface tiles were laid about eight inches 
below the surface, nearly parallel lines feet apart, uniform grades 


They are diameter and 12-inch lengths. 
They are laid bed pieces the same material and length, whick 
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cover the bottom joints. Smaller pieces cover the top joint, leaving 
opening each side inch, out which the water escapes into 
the soil. 

The water enters these lines sub-surface drains from 4-inch 
leading from chamber into which the pulsometer discharges, 
and which are the two 4-inch carrier pipes leading different parts 
the ground, into either which the sewage can turned pleasure 
and the two sections the field used alternately. 

special branch joins the 2-inch distributing tile with the 4-inch 
carrier, the 2-inch tile being attached that its bottom the same 
level that the carrier from which branches, that but little 
sewage flowing the carrier each line drain will get its share, 
those the upper portion the field being prevented from surcharge 
either flattening the grade throttling the first section drain. 

There are about six hundred feet 4-inch carrier pipe, and about 
twenty thousand feet 2-inch drains the acre ground. 

The amount sewage water averages 000 gallons day. 

This discharged into the irrigation tile eight times month, 
from 000 000 gallons The discharge from the outfall 


drains begins very soon after the tile are charged, showing the ground 
very porous. 


complaint has been made any offensive odor fouling the 
stream. 


The irrigation ground not worked nearly its capacity, has 
been found that the sewage does not flush the tiles fully the lower 
extremity the lines, and while the growth the grass the upper 
end the lines luxurious and rapid, the ground over the further end 
has remained bare with very scanty vegetation. 


Dam AnD 


small pond for bathing summer, and skating and supplying ice 
winter, had been connected with the school for some years, and was 
enlarged building dam further down the stream, taking material for 
from the excavation the pond. See Plate XIII. 

The dam was made earth laid 6-inch layers, each sprinkled and 
rolled. The slopes are to1 the water side, and the lower, 
though the lower slope was afterwards made much less steep the ad- 
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dition surplus filling, which was trimmed ogee curve and pre- 
pared coating top soil for seeding. 

masonry overflow with wing walls provided near the center 
the dam, and rubble masonry heart wall laid cement rises 
the embankment the flow line. 

The whole work, except the water-tower, was done the contractors 
who erected the buildings, they receiving for profit certain percentage 
the cost. 

Great care was exercised laying all pipes true lines and grades, 
and making good substantial joints both iron and stone-ware pipes. 

The cost laying the pipes was follows. 

The prices given include lead and gaskets for cast-iron pipes, and 
Portland cement and oakum gaskets for stone-ware pipes, and 
profit ten per cent. 


8-inch cast-iron $0.22 per foot. 


The cost the following structures made from accounts kept 


during construction: 


Water-tower (including 100 


With the exception the occasional deficiency the capacity the 
rain-water drains above mentioned, the operation the works during 
the year has been very satisfactory. 

The regular number persons now using the water and contributing 
the sewage 180. The works are designed accommodate 400 
people. 

The water supplied for all purposes averaged 000 gallons day 
1886, varying from 000 gallons day April 000 
day during one week October, 1886, when the lawns were very dry 
and new sprinkling cart was put use the roads and lawns. 
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The amount water and sewage pumped each month since the 


works went into operation has been follows 


Gallons Pumped. 


Month. Water. Sewage. 
1885.—October........... 178 364 
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